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Patients with chronic kidney disease (CKD) very often suffer from iron deficiency anemia. Treatment 

with intravenous (IV) iron formulations is an established therapy for CKD patients undergoing 

hemodialysis as it can achieve rapid repletion of iron stores, significant increase of hemoglobin levels 

and a low rate of treatment-related adverse events.  

 

Understanding physicochemical properties of IV iron formulations is essential to ensure that both the 

manufacturing process is tightly controlled and the final product is safe and effective.  Current IV iron 

formulations consist of iron oxide cores and surrounding carbohydrate coatings. Though high resolution 

imaging technique, such as transmission electron microscopy (TEM), has been applied, the size and 

shape of iron cores remain controversial.  

 

The main reason for this controversy arises from room temperature sample preparation artifacts- 

unexpected agglomeration/aggregation caused by solvent evaporation. These artifacts are highly 

variable and inevitably affect accurate determination of the size, shape and agglomeration of nanoscale 

iron cores. To eliminate this variability, we applied cryo flash-freezing to preserve the native dispersion 

of iron colloids in frozen hydrated state and imaged them using a cryogenic transmission electron 

microscopy (cryo-TEM). [1]. This technique presents an in-depth investigation into the ultra-fine iron 

core structures of four IV iron complex formulations: sodium ferric gluconate (SFG), iron sucrose (IS), 

low molecular weight iron dextran (LMWID) and ferumoxytol (FMX) [2]. 

 

Comparative TEM images of four IV iron formulations are shown in Figure 1, where dark and electron 

dense structures represent iron oxide cores. All four iron formulations prepared by cryo-TEM exhibited 

uniformly dispersed nanoscale iron cores, with a narrow size distribution, spherical shape, and an 

average size of approximately 2 nm. It should be noted that ferumoxytol exhibited clustered particulates 

of closely spaced iron cores, which are likely held together by interaction of several iron-carbohydrate 

particles (Fig. 1D). The cluster structures suggest that the polyglucose sorbitol carboxymethylether 

coatings surrounding ferumoxytol iron cores might be shared among different iron cores. 

 

Substantial differences can be seen among IV iron agents prepared by cryo-TEM compared to those 

prepared using room temperature preparation methods. The dispersed distribution of iron complexes and 

the ultra-fine iron core structures were absent from samples prepared on either silica or carbon TEM 

grids. The medians of the geometric diameter of the iron particles range from 2.5 to 7.0 nm in the order 



SFG < IS < LMWID < FMX. SFG on both grids (Fig. 1E and 1I) exhibited similar iron core structure 

and size distribution as prepared by cryo-TEM (Fig. 1A). IS demonstrated a mostly spherical core 

structure, but with a greater geometrical diameter of approximately 4 nm (Fig. 1F and 1J). Interestingly, 

when prepared at room temperature, LMWID displayed an evidently distinguished iron oxide core 

structure (Fig. 1G and 1K), which had “rice-like” elliptical shapes, with 12 nm in length end and 4 nm in 

width. FMX also showed distinct polyhedral iron cores with sizes ranging from 5 to 9 nm. 

  

In summary, our results showed that room temperature preparation causes nanoparticle aggregation and 

deformation, while cryo-TEM preserves the native IV iron colloidal suspension in its frozen-hydrated 

and undiluted state. In contrast to the current consensus in literature, all four IV iron colloids exhibited a 

similar morphology of their iron oxide cores with a spherical shape, narrow size distribution and an 

average size of 2 nm. Therefore, any possible variations in physiological responses should be attributed 

to the surrounding carbohydtrate coating as opposed to the core size of the iron particles. Moreover, out 

of the four tested formulations, ferumoxytol exhibited a cluster-like community of several iron 

carbohydrate particles which likely accounts for its prolonged circulation half-life. 
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Figure 1. Comparative TEM micrographs of SFG (A, E, I), IS (B, F, J), LMWID (C, G, K) and FMX 

(D, H, L), by using cryo-TEM (A-D), silica grids (E-H) and carbon grids (I-L). 


